This study was carried out to evaluate the effects of locally produced fish biosilage as fish meal alternative on feeding, growth efficiency and gut histology in common carp C. Carpio fingerlings. Biosilage was prepared by fermenting marine bycatch fish with date fruit residues, domestic vinegar and citric acid. The produced biosilage was incorporated in feeds to replace 0, 25, 50 or 75% of fish meal protein.
INTRODUCTION
The cost of feed represents an important proportion of fish farming operational costs. Protein sources are the major contributors in fish feed cost. Fish meal is the preferred dietary protein source for many farmed fish and shrimp species because of its amino acid balance, vitamin content,palatability and unidentified growth factors (Majumdar et al., 2014) . However, fish meal supplies witnessed significant fluctuations in supplies and thus in prices during the last decade. This encouraged the search for fish meal alternatives from plant and animal sources. Plant materials suffer ISI Impact Factor:3.461 . ,No.1,2016 5 Bas.J.Vet.Res.Vol.1 36 from low digestibility, high fibre content and antinutritional factors which limit their use effectively in aquaculture feeds [3, 12] . Animal protein concentrates like blood meal and meat and bone meal were banned due to the outbreaks of BSE disease [5] .
All the above mentioned reasons make fish biosilage a viable alternative for fish meal in aquaculture. Fish biosilage is defined as a liquid product produced from the whole fish or parts of it, to which acids or lactic acid-producing bacteria are added, with the liquefaction of the mass provoked by the action of enzymes from the fish [2] .
It is characterized by similar or even better proximate composition in comparison with fish meal. The high quality content of fish oil rich in PUFA fatty acids makes fish silage an excellent source of essential fatty acids. It could be made easily even at farm level from different raw materials like by-catch fish or fish wastes without need for advanced technology [10, 11] .
Histological analysis of the digestive system is considered a good indicator of the nutritional status of fish. The intestine and liver are the most important organs in digestion and absorption of nutrients from food, and therefore monitoring of these organs is considered necessary.For this, various methods of histological analysis are used, most often semi-quantitative scoring system, histochemical and immunohistochemical method, while stereological methods are rarely used [19, 21] .
This study was carried out to investigate feeding, growth and general histological structures of intestine and liver in common carp fingerlings in response for different partial replacements of fish meal by fish biosilage produced from local raw materials.
MATERIALS AND METHODS
Fish biosilage was produced using marine by-catch fish obtained from marine shrimp fisheries at Al-Fao city southern Basrah. Ensiling fermentation process was carried out by adding date fruit residues (10%) as carbohydrate substrate, domestic vinegar (20%) as an acidulant and inoculant and citric acid as starting acidifying agent. Ensiling mixture was incubated at 35⁰C for 10 days. Fish meal was produced by the standard method from the same fish sample for comparison purposes [3] . Feeds A, B, C and D were designed according to [15] criteria to be isonitrogenous (35% crude protein) and isocaloric (4400 Kcal/kg) replacing 0, 25, 50 and 75% of fish meal protein content by fish biosilage (table 1). Each aquarium was equipped with air flow and thermostat controlled heater fixed at 28± 1⁰C. Fish were fed 5% of body weight daily twice daily (8 am and 2 pm) sex days a week. About 30% of aquarium water was changed daily before morning feeding. Fish were weighed biweekly and feed ration was adjusted accordingly. Specific growth rate (SGR) and feed conversion efficiency (FCR) were calculated according to [6] . Fish survival was monitored also during this experiment which lasted for 14 weeks from 6 October 2013 to 12 January 2014. Water quality parameters (temperature, oxygen, salinity, pH and nitrate and ammonia concentrations) were monitored daily and maintained within the suitable ranges for this species [14, 16] . in feeds for common carp fingerlings. These values are lower than those reported in the current study. The potential reasons for these differences are lower protein (13.99-28.86), lipid (3.86-6.92) and thus caloric (3800-3900 Kcal/kg) contents in his feeds in comparison with the current study. Several previous studies indicated that replacement ratio of fish meal by fish silage in fish feed should not exceed 50% of dietary protein to obtain better growth [4, 7] . Ramasubburayan [17] reported SGR values of 1.06-1.49 for common carp fingerlings fed diets with different fish silage contents (0-3%). They concluded that addition of fish silage had improved fingerling growth and that fish silage prepared from the processing wastes could be utilized as feed stuff with a potential of minimizing fishmeal and reducing possible environmental pollution. These values are lower than those reported by the current study. This may be ascribed to the lower inclusion levels of fish silage (maximum 3% in comparison with 10-30% in the current study) and fish silage type (formic acid silage vs. biosilage in the present study).
Dapkevicius [4] and Fagbenro [7] indicated that fish silage may become more advantageous for fish feeding if it replace between 25-50% of dietary protein. The same authors pointed out that biological fish silage has better digestibility of protein, higher quality of fish oil and the activity probiotic LAB bacteria with its metabolites that improve digestion, immunity and general health of fish. This rapprochement may be explained by using fish as a main component in fish meal replacing materials i.e.
biosilage and ribotricin, in both studies. The results of feeding and growth efficiency in the current study are in line with several previous studies which indicated that fish biosilage is a suitable alternative for fish meal in fish feeds without negative impacts on feeding and growth efficiency if it added with the proper ratio [4, 7, 22] . Liver histopathological examination is one of the powerful tools that could be used effectively to monitor fish health in general [19] . As liver is the main gland associated with the digestive system in fish, liver histological changes can reveal any adverse effects of feed components especially the novel or innovated ingredients [18] . Many previous studies showed that replacing fish meal with fish silage did not lead to any adverse effects on liver histology in several cultured fish species [6, 8, 13] . This agrees with the results of the current study where replacing up to 75% of fish meal protein with fish biosilage in common carp fingerling feeds did not result in any adverse alterations or abnormalities in fish liver structure (Figure 4) . The nutritional adequacy of fish biosilage, as indicated by the histological examination of fish intestine and liver in the current study, may be ascribed partially to its content of fish oil rich in polyunsaturated fatty acids that reported to enhance general metabolism, tissue structural integrity, nutritional and health status of fish [9, 24, 25] .
In conclusion, locally prepared fish biosilageis a good candidate as a partial fish meal alternative in common carp feeds based on feeding and growth efficiency parameters as well as histological study of intestine and liver in fish. 
